ABTOPCKA CIIPABKA

Ha ri. ac. 1-p Upuuna KpacumupoBa I'eopruesa

cexmus , Maremaruuecko mogennpane u guciaed aganus®, IMN-BAH,
npecTaBeHa 3a ydacTue B KOHKYPC 34 JOIEHT B NPO(ECHOHAIHO HAIPABICHIC
4.5 MaremaTuka, Hay4YHa crnenuaanoctT MareMaTrndeckKo MoJe/upane U MPUIOKEHUSA HA
maremarukara (Teopusi Ha anpokcumanuure u npuiozkenus), /B 6p. 87/ 31.10.2017 r.

CnucpbKbT ¢ nyOJUKAIMUTE 33 yJacTHe B MUTUPAHUS IO-TOpe KOHKYPC BKJIOYBa 14
paboTH, OT KOHUTO:

9 crarun [1-9] B Hayunu crnucanust ¢ mvnakt dakrop (IF);

3 craruu [10-12| B nayunu nopeauiu ¢ uMnakr panr (SJR);

2 crarun B pedbepupanu COOPHUIU OT MeXKIYHAPOIHH KoHbepernuu 13, 14];
Cratunte He ca m3noa3Banu 3a npugodousane Ha OHC , mokTop® u 3a npuaobuBaHe
HA JIJTbKHOCT IJIABEH ACHCTEHT;

1. Anpokcumupane ¢ PajsoHoBu npoeknun

Tosisima gacT or craruure 1Mo KOHKypea - |3, 4, 5,6, 7,9, 10, 11, 12, 13, 14] ca nocserenu
Ha Cb3JABAHETO HA HOBH MAaTEMATHICCKH METOIM M AJTOPUTMHU 3a Bb3CTAHOBABAHE HA
byHKIMS HA aBE TPOMEHINBU Bb3 OCHOBA Ha WHMOPMAIWA OT THI PaJoHOBYU NMPOEKINN
(JTMHEeHHN WHTerpaJn BbPXY XODJU Ha eJINHUIHATA OKPBKHOCT) HA (DYHKIMATA H 3aTOBA
3aI04BaMe ¢ YBOJ B TEMATHKATa U ChCTOAHME HA HAYUHUTE M3CJICIBAHUS.

YBog

Tpanchopmaruara Ha Pagon! e eaun BUI HHTErPATHO TPeobPA30BaHme, Ha KOETO ce
OCHOBaBaT TOMOT'PAMCKUTE METOJN 33 PEKOHCTPYKIUS HAa ODEKTU C HEXOMOIeHHA ILIbT-
HocT. Te3u MeTo/ M BIOC/EJCTBHE HAMHUPAT IMPUIOXKEHHE B Hail-pasHOOOpa3HU 00JIACTU —
MEJIMIMHA, €JIeKTPOHHA MUKPOCKOIHS, HU3C/IeJBaHe HAa 3eMHHTE HeIpa, M3CJe/IBaHe Ha
I71a3MaTa, KOHTPOJ Ha HOTOIHW B TPHOOIPOBOIU W MHOTO JIPYTH.

Ot maremarnvecka TrJieJHa TOYKA, 3ajadara B TOMOrpadusaTa Ce CBEXKIA 0 Bb3-
CTAHOBS{ABAHE Ha beHKL[I/IH Ha HAKOJIKO IIPpOMEHJIMBH B'b3 OCHOBA Ha I/IHCbOpMa]_[I/IH OT THUII
PajonoBu npoekiuu, T.e. HHTEI'PAJIH 10 OTCEYKH OT Heum3BecTHaTa pyHkmnusd. [Ipe3 moce-
HUTE JIeCeTUIeTH 09Xa MOJ0KEeHN 3HAUNTETHU YCUJINS 32 pa3pab0TBAHETO HA JTOCTATHIHO
ed>eKTUBHH aJITOPUTMU 34 pelllaBaHeTo HA Ta3’ 3aja4a. Te3u meToaun ca Hail-o0IIo Ka3aHo
JIBA THUIIA — UHTErpaHu u ajredOpuunu. Murerpasnnre meroju ce 6a3upar Ha rnpeobpaszo-
BaHUETO Ha 1:)21,ZLOH7 KbACTO BCUYKH Pa3lVIC2KAaHUA Ca B HEIIPEK'bCHAT BUI U CE IIpEeMHUHaBa
K'bM JIMCKPETH3AIU ITPU HEMOCPEJCTBEHATA Pean3alins Ha aJIropUThMa 38 PEKOHCTPYK-
nus. [Ipu anredpudHuTe METOMHM JUCKPETH3AIU €€ OCDHIIECTBABA B CAMOTO HAYaJ 0 Ha
U3CaeIBAHUATA U 3aJja9aTa ce CBeXK/JIa 10 pelllaBaHe Ha CHCTeMa JIHHEHHU ypaBHEHUS.

1J. Radon, Uber die Bestimmung von Funktionen durch ihre Integralwerte lings gewisser
Mannigfaltigkeiten, Ber. Verch. Sichs. Akad., 69, 1917, 262-277.



ITocTanoBka Ha 3agavdaTa u1 NCToOpuvveCKHn OeJjiexkKKn

Moxan Pamon mpes 1917 r. moka3Ba, de BCIKA nupepeHIupyeMa B eTUHAYHASA KPbI
dbyukuust f(x) egHo3HaUHO ce oupejes upe3 cBosgra Padonosa mpanchopmaryus

Ro(f;t) = f(z)dx,

1(60,¢)

kbaero [(0,t) e xopna Ha eMHIYHATA OKPBHKHOCT, OIIpejieeHa OT bI'bJ ¢ Mapka 0 < 0 <
T 1 pa3cTogHue t 10 neHTbpa, —1 <t < 1.

£,

[To-HaTaTLIIHN Pe3yaTaTd B Ta3nu obaacT ca noaydenu or F. John? mpes 1935 ..

IIpe3 mocienHuTE JeceTHUIETHs] PeNINa M3SIBEHH ANPOKCHMATOPH OObpHAXa MOTJIes
K'bM Ta3W TEMATWKA. 33/a9aTa 33 Bh3CTAHOBsIBaHe HA (DYHKIUS 0 JIMHEHHN WHTETrPaIn
e bopMysIIpaHa KaTO WHTEPHOJAIMOHHA 3a/Ia9a — 38 HAMUpaHe Ha MOJHHOM Ha HIKOJIKO
MPOMEHJINBH, TIO fajieHn PaloHOBY MPOEKINU BbpXy KoHdbuUrypamus ot xopau. Haii-o61mo
TbpcuM u € P, Taka 4e

/u(m) dx =~y VI e, (1)

Kbj1eTo P e moaxoasino (0ONKHOBEHO TOJIMHOMHUAJHO) MPOCTPAHCTBO OT peasHn (DYyHKIHH,
JiebUHUpaHd B €IMHUYHUA KPbr, Z e haMuansg OT XOP/H Ha eJUHUIHATA OKPbKHOCT U
3a Begka Xopaa [ € 7 e npeaBapuTesHO 3ajajeHa crofinocrra v; € R. Ob0ukHOBEHO ce
npeanosara |Z| = dim P 3a ga 6baaT paBHE OpOST HA YPABHEHUSATA W HA HEM3BECTHHUTE.
Cxemara oT xopau Z ce Hapuda pe2ysapHa, aKO HHTEPIOJarmoHHaTa 3ajgada (1) uma
eJINHCTBEHO DeIlleHne IPU MPOUu3BoJIeH u300p Ha januuTe {7} B JgCHATA YaCT.
Ciydadar, korato P e npocrpancTsoro 112 0T I0JIMHOMY Ha JiBe OIPOMEHJIMBU U O0IIa
CTeIleH Hafi-MHOTO N, € u3cJIeiBaH HHTeH3UBHO 1pe3 70-1o u 80-Te rouHu Ha MHHAJIAA BEK.
[Ipes 1974 r. R. Marr® nokassa, ue MOJIMHOM Ha, JIBe IPOMEHJIUBH Ce Olpeie/is eIHO3HATHO
OT CBOHUTE JIMHEITHI HHTErPaJIH BbPXY XOPJANTE, CBbP3BaIld KpaeH OpOil paBHOOTHAJIEUeHH
TOYKH BBPXY ¢JUHNYIHATA OKPb2KHOCT. HO—K'bCHO A 1AKOHHH4 IIOKa3Ba, 9¢ ¢ JUH ITOJINHOM
Ha JBe MMPOMEHINBY M O0IIA CTEIeH Hali-MHOTO 1 MOYKe /1a O'bJie Bh3CTaHOBEH €IHO3HAYHO
10 CBOMUTE JIUHEHHHU MHTEIPAJIH, IPECMETHATH BbPXY KOHMUIYpaIUsd OT (”;2)(: dim I12)
XODPJIA, CBBP3BAIIU TIPOU3BOIHE N+ 2 TOUKH OT eIHHAYHATA OKPBIKHOCT (KAKTO U TT0-06III

2F. John, Abhiingigkeiten zwischen den Flichenintegralen einer stetigen Funktion, Math. Anal., 111,
1935, 541-551.

3R. Marr, On the reconstruction of a function on a circular domain from a sampling of its line integrals,
J. Math. Anal. Appl., 45, 1974, 357-374.

4H. Hakopian, Multivariate divided differences and multivariate interpolation of Lagrange and Hermite
type, J. Approx. Theory, 34, 1982, 286-305.



pesyaTar 3a MHOTOMepHWUs ciaydaii). [Tybaukammm B Ta3u 061acT UMAT eI U3BeCTHI
maremaruiy, Hanp. A. Cavaretta, C. Micchelli, A. Sharma, B. Logan, L. Shepp u muHOTO
pyTu.

Bbpxy To3u THI 3a7auu 3a MPUOIHKEHHUs, HHTeH3UBHU U3CIeIBAaHUSA OsXa MpPOBeJIe-
un B Bbarapus or kosekruB ydenu, dopMupaH okoso akaja. bopucaas Bognos (Teno
Hukonos, Teprana ITerposa, Pymen Yayues, U. Teopruesa u mp.).

Bb3cranoBsBane Ha HOJTMHOMH HA JIBE ITPOMEHJIUBH € U3IOJJ3BaHe HA HHMOPMAIUS OT
T PaionoBu mpoeKnuu Bbpxy (baMuIns CXeMU OT XOP/IH, B3eTH B HAKOJIKO HAIIPABJICHUSI,
KaTO XOP/IUTe BbB BCAKO HaIlpaBJeHHE ca YCHOPeIHW ca u3ydaBanu or b. bognos m U.
Ceopruesa®.

Jlpyra damunus peryispHu cxemu oT Xopau e npemiokena ot b. Bosuos u 0. Kcio
npes 2005 r.. 1. Teopruesa u C. Memann® noxkassaT, ue KOHKPETHA cXeMa OT XOPJIH, OIpe-
JIeJIEHA, Upe3 HYJIUTe Ha MOJUHOMUTE Ha UeOUIIOB OT BTOPU POJI, OCUTYPSBa € IMHCTBEHOCT
Ha ITOCTABEHATA WHTEPIOJIAIMOHHA 33734,

1.1. AnpokcuMupaHe C aJreOpuIHN IIOJIMHOMU

— 172
Pasriexgame 3amada (1) B npocrpanctsoro P = II7 or aareGpuvHU MOJTHHOME Ha JIBE
HPOMEHJIUBU U 00118 CTENEH HA-MHOIO 1!
2 2
3a jajieHa cxema or (”JZr ) xopmu Z = {Iy, k=1,..., (”;r )} Ha eJMHUYHATA OKPbiK-
HOCT B paBHUHATA, ThPCUM ajrebpuden nojunom u € 12, yjioBjeTBopsiBall HHTEPIIO/Ia-

OIHUOHHHUTE YyCJIOBUA:

/u(w) dr = ~; VI e,

I

b. Bognos u 1. 'eopruesa npejanarar KoHdurypamus ot ("’52) XOopan, B3eTH B n + 1
Pa3JIMYHU MOCOKHU, KaTO B I'bpBaTa I'pyla uMa n + 1 ycrmopegHu XOpJu, BbB BTOpaTa - 1
VCIOPeTHN XOPAH, U T. H.. Te 7aBaT JOCTATHIHO YCIOBHE, CXeMa OT XOPAW OT TO3W THII JIa
Obie pery/spHa.

Msnonssaiiku ToBa ycjoBue B crarusara [9] mokasBaMe peryaspHOCT HA HIKOJIKO KOH-
durypanuu ot xopau. [lo-TouHO, cXeMa OT TO3U THUI € peryasipHa, aKO PA3CTOSHUATA HA
XOpJUTe JI0 HEHT'bPA B ChOTBETHO I'bpBara rpyta or n + 1 ycuopejHu XOpju ca TOYHO
PaBHU Ha HyJIUTe Ha TMoJuHOMa Ha HeburmeB or wbpsu poj 1,,41(x), BbB Bropara rpymna
OT M YCHOPEJIHU XOP/IU, PA3CTOSHULATO JI0 MEHT'bPa UM Ca PABHU HA Hal-MaJIKHTE N HYJIH
Ha T),11(2), ¥ T. H., KATO PA3CTOSIHUETO HA XOPJATa OT TOCIeHATA IPYIA € DABHO HA Haii-
maskarta Hynaa #a 1,1 (x). lokazamm ca u aHaJOrHYeH Pe3yITATH, KOTATO PA3CTOSHUSITA
Ha XOPJUTE J0 TEHTbPa ca aCOIUUPAHU C HYJIUTe Ha Ha MOJUHOMA Ha UeburieB ot BTOpU
pon Upy1(x) u ¢ HyauTe HA OPTONOHAJHHUTE MOJMHOME Ha S1KOOU Pﬁ’lﬁ) (x) mpu a = 1/2,

B=-12ua=-1/2, 8=1/2.

5B. Bojanov, I. Georgieva, Interpolation by bivariate polynomials based on Radon projections, Studia
Mathematica, 2004, Vol. 162(2), 141-160.

61. I. Georgieva, S. Ismail, On recovering of a bivariate polynomial from its Radon projections. In
"Constructive Theory of Functions, Varna 2005"(B. Bojanov, Ed.), 127-134, Marin Drinov Academic
Publishing House, Sofia, 2006.




B crarug |9] pasriexgame u 3ajadara 3a u3raaxKaHe Ha cvecer tun ganan (Pagowo-
BU NPOEKIUH U (PYHKIUMOHAJIHU CTORHOCTH B KpaeH Opoil TOYKM Ha eJMHAYIHATA OKPbK-
HOCT) 10 METOJa Ha Hali-MaJKkuTe KBajpaTu. HaMmupame ycaoBus, IpU KOUTO CHIIECTBYBA
U TO eJIMHCTBeH HOJIMHOM Ha JBe IPOMEHIHBH, KOHTO Hali-106pe IpubInKaBa 10 MeToIa
Ha Hall-MaJKUTe KBaﬂpaTI/I JaHHI OT CMECEH THII HpI/I HpOI/I3BOﬂHI/I TerJjaa.

B crarus [12]| usBexmame mpejicTaBsiHe HAa WHTEPIOJAIMOHHUS MOJMHOM BbB BHIA
Ha JlarpaH:k dpe3 0a3uCHHU TMOJHMHOME 32 3ajadara (1) 3a WHTepHOIMpaHe ¢ anreOpud-
HU IOJUHOMH. JloKa3BaMe U eHO MHTEPECHO CBOMCTBO Ha OA3HCHUTE MHTEPIIOJIAIIMOHHHI
moauwHoMu Ha Jlarpam:k. IlpeacraBeHu ca YHCIeHHU eKCIEPUMEHTH 33 Bb3CTAHOBIABIHE HA
MOBBPXHUHU.

B ny6aukanusTa [14] e HamepeHa peryiasipHa cxema OT CMeCeH THIl — KOHMUTryparmst
or ("3?) — (n+ 1) xopau u (n + 1) TOYKH BHPXY €MHAYHATA OKPBIKHOCT, TAKa He HH-
TepIOJAIMOHHATA 33898 33 MOJHHOM OT CTEIeH 1 IO Ta3W CXeMa Jia WMa BWHAIU €IHH-
CTBeHO permrenne. /laHHuTe TYK ca (”;2) — (n + 1) croiinoctu Ha PagoHOBU TpoekIyuu u
(n+1) dyuxmuonanau croitroctu. Ta orbesrexkum, de cnazpaMe mpe3yMIIHATa METOIUTE
3a PEKOHCTPYKIINS J1a ca ,,0e3pa3pymuTeHa, Thil KATO W3MOJI3BAHETO Ha WH(MDOPMAIIHS
B TOUKH OT €JMHAIHATA OKP'bZKHOCT He HapyIlaBa TO3W HpHHIUI. Hampasenure anucienn
eKCIIePIMEHTH TIOKa3BaT, e W3I0I3BAHEeTO HA Ta3H HOBA CXeMa e YIA4HO, KOTATO MCKaMe
JIa APOKCHUMHUpaMe TO-TOYHO 1Mo rpaxunaTa. ChIo Taka € HAPABEHO YHCJIeHO CDABHEHUE

Ha CXeMHI OT CMECEeH TUII M CXeMH, pasrjiexkaanu B crarus [9)].

AnpokcumupaHe Ha dyHkKIuu, yaoBjaerBopaBamim 1Y

Wneara BbpxXy KOATO aKIMeHTHpaMe TYK, € M3MOI3BAHEeTO Ha JOMbJIHUTETHA UHGOP-
Manus 3a HemsBecTHaTa dyHKIUs u € P B anpockumanuonnara cxema (1). EctecTseno
e ToBa Ja MOJO00pPH TOYHOCTTA HA MPHOIMKEHWETO W B CHITOTO BpeMe Ja HaMaJd 3Ha-
YUTE/THO HEeOOXOuMuTe u3ducanTesHu pecypcu. OcBeH TOBa, U3MOI3BAHETO HA JOMb/IHU-
TesiHA MHGMOPMAIS 32 PelleHneTo, OH MOIJIO J1a Peayupa KOJNYeCTBOTO M3MepPBaHN4,
pecniekTuBHO PajjonoBuTe MpoeKnnu, HEOOXOIMMHU 33 MOCTUTAHETO Ha ChINATA TOYHOCT HA
npubsmkenne. B 3agagara (1) mo-rope, ToBa ce W3pa3sBa B MO-MAJKO MHOXKECTBO L OT
XODJIH.

MHuoro 4yecto B IpUJIOKHUTE 33JIa4U JIOI'bJIHATETHO YCJIOBUE BbPXY allPOKCUMUPAHA-
Ta, W/Uan anpokeMupariarta QyHKIHA e TS Ja YA0BAeTBOPABA YacTHO MuhepeHIHATHO
ypasaenue (1Y) or mskakbB Buj. [Ipu ropHnTE MPEIIONOKEHNS TOBA 0O3HAYABA JIA OT-
PAHUYUM TPOCTPAHCTBOTO P 10 MYHKINH, KOUTO ca aJANTHPAHN B HIKAKBB CMHCHI K'bM
pasryiexkjaHaTa 3a7ada.

Pesynrarure Hu 1okassat, 4e MHOI'O OT U30pOEHUTE IO-TOPE IPEUMYIIECTBA Ce peasiu-
3UpaT ¢ Ipe/UIozKeHaTa OT Hac TexHnKa. Hapen ¢ paspaboTBaHeTo Ha TEOpETHIHA OCHOBA
Ha 3a/a9aTa ca HAlPpABEHN W PeJINIa YNCIeHN eKCIIeDIMeHTH, 3 J1a ce M3CJIe/IBaT U JeMOH-
CTpUpAT Ho-TIperu3Ho Te3u edekTn. KaTto moMorien anapat npu TeopeTHIHATa 0OOCHOBKA
U MPAKTHYIeCKOTO MPUJIOKEeHHEe Ha pa3pabOTeHUTe aJTOPUTMHU Ca W3MOJI3BAHN TPOTPAMHUI
NaKeTH 38 YUCJTCHW U CUMBOJHU MPECMITAHUSI.



1.2. XapMoHuUYHU (PyHKITAN

Enun npumMep 3a nsnoasBane Ha crenmduIHa 3a pasriIekIaHaTa 3a1a49a HHPOPMAIUuI
e, ako @ priori 3HaeM, 4e (PYHKIUATA, KOATO 1€ UHTEPHOJIMPAMe € XapMOHUYHA, T.e.
yaoByieTBopsiBa ypashuennero Ha Jlamrac Au = 0. Tosa enunruano YJIV e BaxKHO KaKTO
KaTo MOJIe/IHA 3aJad4a, Taka W MOpajad MHOTOOPOWHWTE MYy TPUJIOKEHUS B W3CJIeIBAHUS
BbPXY TOILIONPOBOIUMOCTTA, AU(DY3IUATA, HOTOIUTE OT HECBUBAEMH TE€UHOCTH.

CbBceM ecTecTBEHO € JIa UCKaMe J1a allPOKCUMEUPaMe XapMOHHUIHUTE (DYHKIHUH C Xap-
MoHUYHU nojinHomu. Ero 3amo n3dupame P = H,,, Kbjero

Hn:{pEHi:Apzo}

e HPOCTPAHCTBOTO OT PEAJHUTE XAPMOHWYHH MOJHUHOMH HA JBE IIPOMEHJUBH OT 0O0IIa
crenen naii-muoro n. Ilpocrpancteoro H, uMa pasmepnoct 2n + 1(<< dim I12). AunaJo-
rugro Ha (1), pasmiexkame cxeMa OT XOPJIH HA eHHHYHATA OKpbKHOCT Z, |Z| = 2n + 1
u acoruupanu gajenu croiinocru {77}, TbpcuM XapMOHUYEH MOJTUHOM P € H,,, TAKBB Ue

/Ip(x) dx = VIel. (2)

Hapuame cxemara or xopau I pezyaapra, ako HHTEPIOJANTOHHATA 331a4a (2) nMa
¢IUHCTBEHO DeIIeHne 3a BeeKn u3bop Ha croiinocrure {7r}.

B nopeaumna crarum pasriegaMe 331a9d 3a alpOKCHMEPAHE HA XapMOHHYHH (DYHK-
nuu dpe3 uHopManus 3a PaJ0oHOBUTE UM MPOEKIUH U ONHCBAME HAKOJIKO (baMHUIAH OT
PETYJISPHE CXeMH OT XODJIH.

B crarus |7] ca upegcraBeHu mbpBUTE HU Pe3YJTATH 33 MHTEPHOJUPAHE HA XapPMO-
HudHE DYHKIUA ¢ XapMOHHYHHU TIOJHHOMH. B Hesa pasriexkjaMe 3aJadaTa 338 WHTEPIIO-
JIMpaHe Ha XapMOHUYHA (PYHKIHMSA ¢ XapMOHHYEH IOJMHOM OT H,, KaTO BXOJHUTE JIaHHU
ca 2n + 1 croiinocTu Ha Heiinu PagoHopu npoeknuu. VM3moi3Baiku HHTE€H3UBHO TEXHUKH
OT CUMBOJIHHTE IpecMATaHUd, TIOKa3BaMe de Ta3u HWHTEPIOJAIMOHHA 331298 UMa, €IUHC-
TBEHO PeIleHne B Caydas, Koraro xopaure Z oOpa3yBar HpaBUJIEH MHOTObI'bJIHUK, BIIH-
CaH B eJMHUYHATA OKpPb:KHOCT. M3non3Bann ca aaropurbmbT Ha llerkosmiek “Hyper®,
ajropuTbmMbT “creative telescoping® ma Ilunbeprep m ocobeHO WHTEH3UBHO MAKETHT HA
Mathematica “HolonmicFunctions“, paspaboren or Kpucrod Kyuan. IlpencraBenu ca
YUCJEHN eKCIePUMEHTH 33 Ta3H U MO-ODIIHN CXeMH OT XOP/IH.

B cratus [11] npoabizkaBame u3c/ieBaHETO Ha TeMaTHKaTa U ce hOKycHpame BbPXy
eJIMH aJreOpIIeH MeToJ | 3a Bbh3CTaHOBABaHE HA XapMOHWYHA (DYHKIUs dpe3 KpaeH Opoit
croiiHocTn Ha HeifHnTe PanoHoBr mpoeknnn. 3a caydas KOTaTo XOPAUTE ca PABHOMEPHO
Pa3IOJI0KEHH B OKPBXKHOCTTA M €A HA €JHAKBO PA3CTOSHUE OT HEHTbpa, IpeIcTaBaMe
edeKTUBEH aJTOPUTHM 33 NPUOINKEHO BbH3CTAHOBSIBAHE C XapMOHUYEH IOJTUHOM, KOWTO
e yCTOWYMB 110 OTHOIIEHHWE Ha IIyM BbB BXOjHHUTE JaHHu. HalpaBeHuTe YuC/IEHU €KCIIe-
PUMEHTH 3a Bbh3CTaHOBsSBaHEe Ha (PyHKIHH, KOUTO ca C°° B 3aTBOpPEHHs] KPbBI' MOKA3BAT
eKCIIOHEHIHAJIHA CXOIUMOCT. 33 (DYHKIUU C MO-MaJjIKa TJIJIKOCT 110 TpaHUIaTa Hab/Ir01a-
BaMe IMO-HHCKA CKOPOCT Ha CXOJIMMOCT.



Haii-oGiure TeopeTnyaHn pe3yaraTn ca npejcrapenn B crarus [6]. Tyk paspaborpame
aJreOpUYeH MEeTO/l 33 PEKOHCTPYHPaHe HAa XapMOHWYHA (DYHKITWS B € TMHIIHUS KPbI' Bb3
OCHOBa Ha KpaeH Opoit or HeltnuTe Pamonosu mpoekmnuu. [logxomsbT e ma ce Thpeu xap-
MOHWYEH TOJUHOM, KOUTO MMa ChIuTe PagoHOBU MPOEKIWYN BBHPXY AAJCHUTE XODIU HA
eJIMHAYHATA OKPbKHOCT. M3Bek 1ame (pbopmyiia 3a npecmsgarane Ha 6a3UCHUTE XapMOHUYHE
HOJIMHOMH, KOSATO MOKe 78 O'bJie pa3riez jana KaTo XapMOHUYEH aHAJIOT Ha KJIacHyecKaTa
dopmysia na Map or 1974.

WznomsBaMe TO3W KJIIOYOB Pe3yJITAT, 3a /1a W3BeJeM OD0Ia TeopeMa 3a ChIecTBYBaHe
U eJWHCTBEHOCT Ha WHTEPIOJANMOHHUS XapMOHUYEH MOJUHOM OT CTeleH n 3a dhamMuaus
OT CXeMH OT XOPJ/H, 38 KOMTO BCHYKHU XOPJM OTCTOSAT HA €JHO U CbINO pascrodHue t o
HAYaJI0TO, TAKOBA 4e ¢ He e HyJa Ha HUTO €JIUH OT mnojaunomMute Ha Jedumes Uy, ..., U,
ot Bropu poj. C JApyru jiyMu, mMoKa3BaMe de CXeMU OT XOPJIU OT BUJA

I:{I(@g,t)?grl, 0§91<"'<92n+1<2ﬂ', tUk(t)#O,k:zl,n}

ca peryJspHU.

3a cayuas, Koraro PagoHOBUTE MPOEKIINK Ca B3€TH IO XOPAHW C PABHOMEPHO pas3Ipe-
JeJieHn by B uHTepBaa [0, 27], npejcraBame sisHa dhopMyia 3a oOpaTHATa MATPUIA HA
MaTpHIlaTa, ChOTBETCTBAIA Ha WHTEPIOJAIMOHHATA 3a7a4a. KoedunueHTure Ha HHTEP-
HOJIAIIMOHHIS MOJUHOM Ca IPECMATAT 34 MAJIKO IT0-0aBHO OT JIMHEHHO BpeMe.

Ba crnempayHus cay4ail, korato PagoHOBATE IPOEKINN €& B3eTH 10 XOP/IH, KOUTO 00-
paSyBaT HpaBI/IﬂeH MHOI‘O’I)I‘T)JIHI/IK7 BIINCaH B €¢JUHHUYIHATA OKp'b)KHOCT e HaHpaBeH n ae-
TalJIeH aHaJaIn3 Ha CHhOTBETHUS METOJ. I/ISBG,ZLGHI/I Ca OII€EHKHN Ha FpeHlKI/ITe (Ha I/IHTepHO—
JIATIMOHHATA CXeMa) B €JIMHUYHUsS KPbI U B €JJMHAYHATA OKPbHKHOCT B Lo—HOpMATa U B
cynpeMmyM-HopMara. IlokaspamMe, de IuCI0TO Ha 00yCJIOBEHOCT HA MATPHUIATA, ChHOTBETC-
TBAId HA MHTEPIOJAIMOHHATA 331498 € PABHOMEPHO OIPDAHMYEHO OT MaJIKa KOHCTAHTA,
HE3aBHCEINa OT CTEIeHTa Ha IOJUHOMA.

YucieHnTe eKCIePUMEHTH TTOKa3BaT CKOPOCT Ha CXOANMOCT, ChOTBETCTBAIIA Ha AHAJIN-
THYHO U3BEJIEHTAaTa OT HAC. 3a (PYHKIMH, KOUTO ca C'°° B 3aTBOPEHUs KPbI' CXOAUMOCTTA,
e eKCIIOHEHIINAIHA, a 338 (PYHKIUH C IMO-MAJKa TJIAJKOCT II0 IPAHHUIATA - ChOTBETHO IIO-
OaBHA.

B crarus 3] npombazkaBaMe ThpCeHETO HA PEryJISIPHE CXeMH OT XOpan Z BbB BPb3Ka,
cbe 3a7a4a (2). Jlokazpame, 4e perysipHOCTTa Ha CXeMa OT XOP/IM € MHBAPUAHTHA OTHOCHO
poranus. [lokazBame, 4e He CHIECTBYBaA Pery/sdpHa cXxema ¢ IoBede OT n + 1 ycrnopeHu
XOP/IH.

B mbpBara yact Ha Tasu padbora cxemure OrT 2n + 1 XOp/iM, KOUTO pasrjezkjaMe ca
paszesieHH Ha JBe TPYIH, KATO XOPAHTE BbB BCAKa Ipyia ca ycnopeann. CaegoBaTeaHo



PEryJISIpHITE CXeMH OT TO3M BHJ MOTAT J[a Ce ChCTOAT OT 1 + 1 XOp/am 1o ejjHa MOCoKa U
n XOpJu 10 jJpyra. 3BexKame HeoOX0MMO B JIOCTATHIHO YCJIOBHAE CXeMa OT TO3M THII /12
Objie pery/spHa.

Karo BTOpu OCHOBEH pe3yaTar HpeicTaBsMe HSKOH OOOOIIeHWs Ha IIPEIAITHU HAIIHN
pesyaratu (ot [6]) 3a cxeMu OT XOP/JH ¢ PABHOOTJAJEUEHU BIJIH U €THAKBO PA3CTOSHUE
Jio Havas0ro. HaMupame mo-mmupok KJiac OT PeryJjisipHU CXeMHU OT XOP/IM B TEPMUHHUTE HA
AO0IIYyCTUM HMHTEpPBaJl Ha Pa3CTOAHHUATA UM J0 Ha4aJI0TO. HOﬂyanaMe 11 HOBH OILI€HKH 3a
rpemnkaTa Inmpu HHTEPIOJINpaHe Ha XapMOHUYIHU beHKHI/II/I qpe3 XapMOHUYHU ITOJIUHOMU B
Jpodbru CoboJieBH MPOCTPAHCTBA, KATO BXOJHHUTE JaHHU ca cToifHocTuTe Ha PanonoBuTe
IPOEKIINN Ha XapMOHUYHNATE (DYHKIIUU BHPXY XOPIAUTE OT CHOTBETHUTE PEIYJISIPHU CXEMHU.

B crarus [10] pasriezkpame npeonpe/ieseHus ciydail, a iMeHHO 00paboTKaTa Ha , TBbD-
Je ToJIsIMO KostmdaecTBo jganud, |Z| > dimH,, mo Meroja Ha Haf-MaJKnuTe KBaJpaTH.
Jloka3BamMe OCTATHLYHE YCJIOBUS 3a CHIIECTBYBAHE U €IHHCTBEHOCT HA XaPMOHUIHUS 110~
JIUHOM, ,, M3IVIAKIAIL" JIAHHATE Ipe3 MeTojIa HA Hall-maakuTe KBajpard. KoMOuHupaikn
TO3M PE3YJITaT U Pe3yJTaTh OT craTus [6|, paspaborBaMe eJUH AITOPUTHM C TPAKTHIEC-
KN IIPUJIOZKEHU . Pa3FJI€}K,ZLaMe CbIIO0 TaKa MW U3IJIazKAaHE BbPXY HO—O6H_[I/I JAaHHH, CbC-
Tosiu ce 0T Panorou npoekiun u (byHKIMOHAJHE CTORHOCTH ([0 TPaHUIATA, 33 1A He
ce HapyIIaBa uesiTa Ha HeJeCTPYKTUBHOTO Bb3cTaHOBsABaHe). HanpaBeno e cpaBHUTENIHO
YUCJIEHO M3CJIeBaHe Ha MOJXO0/Id, W3IOJI3BAI METO/A Ha Hal-MaJKUTe KBaJpaTd ¢ JiBa
JIDYTH METOJIa 33 PEKOHCTPYKIUS B CJIydas Ha JaHHU ¢ TIyM. [loydeHnTe aaroputMu ca
peajiu3upany u Ca IPeJICTABEHN YUCJIeHN €KCIIEPUMEHTH.

Craruure [5| u [13| ca nocBerenn Ha m3Bexgane Ha KybarypHu GOPMYIH 3a XapMo-
HUYHA DYHKINU, U3N013BaImu nHgopmarus ot Tun PajgoHoBu nMpoekIin.

B crarus [5] koHcTpynpame Kiac KybarypHu GOpMYyIH 33 XapMOHUYIHH (DYHKIAH B
eTMHUIHUS KP'br, OCHOBAHU HA JUHUHUTE HHTETPATIN 10 21+ 1 pa3awaHu Xopan. XopauTe
OTCTOSAT HA €JHO M CbIIO Pa3CTOsdHME T JIO HAYAJOTO ¥ MUMAT PABHOOT/AJIEYEHU 'bIJIA B
uaTepBaa [0, 27]. AKo pascrosiHueTo t e moAXoAsINo H36paHo, Te3n KybaTypHu hopMyin
Ca TOYHU 33 BCHYKU XaPMOHUYHHU TTOJTMHOMU OT CTereH J10 4n+ 1, KoeTo e n MakcuMaTHATa
HOCTUZKMMAa CTeleH Ha TOYHOCT 33 TaKbB KJIac OT KyOaTypHH (DOPMYJIH.

3a XOpJu B TMO-00IO MOJIOYKEHNE - C TPOU3BOJIHH ‘bIVIM W HA €JTHO U CHINO PA3CTOSTHUE
OT HAYAJIOTO, MPEJCTaBIMe KJIAC OT WHTEPHIOJAIMOHHN KyOaTypHu Gopmy/u, 3a KOHTO
oKa3BaMe, 4e CbBIaJia C IpeaulrHara popMysaa B ¢jydas Ha XOPJAU C PABHOOTIAJIEUCHH
BIJIM. 32 CHeIuajeH caydail Ha kybarypHa opMysia OT TO3M KJIAC jJaBaMe OIEHKa 33
I'PeIKaTa W IpeoCTaBsIMe YUCTeHH eKCIIePUMeHTH.

B crarus [13| korcTpyupame Kiiac ot KybaTypau GopMy/IH 3a XapMOHIUYHA (DYHKITHS,
OCHOBAHHU Ha CTONHOCTUTE HAa MHTErPaJu OT (DYHKIHUATA BbPXY 4n -+ 2 pa3IudHu XOPIH,
pa3jie/leHn Ha JiBe IPYIu ¢ paBeH Opoii xopan. XOpJAuTe BbB BCIKA €/IHA OT Te3W IPYIH
AMaT €HO U ChIIO PA3CTOSHUE JI0 IEHTHPA HA OKPBXKHOCTTA, ChOTBETHO t1 U T, 1 PABHO-
oTnajgedenn briu B uaTepBasa [0, 27]. Ilokazame, ue ako ¢ u ty ca m3GpaHU MOAXOIIO,
ChbOTBETHHTE KyOaTypHH (POPMYJIH Ca TOYHH 38 BCHUKU XaPMOHHYHHU TOJTHHOMH OT CTEIIeH
10 8n+ 3. [IpeacraBsMe 1 HAKOU YUCTCHU eKCIePpUMEHTH. T psaOBa 1a 0TOeTeKUM, Ue TOBA
€ II'bPBUAT PEe3yJaTaT 3a CXeMHU 0T XOpAH, KOUTO UMAT pa3/JIMIHU PA3CTOAHUA 10 HAYaJI0TO.



CxeMa OT XOpj#, ChCTOLIIA CE OT 2 MHOXKECTBA OT XOPJAU C PABHOOTAANEYECHH bIJIM U
Pa3CTOgHUA JI0 HAYAJOTO ChOTBETHO {1 U (2.

1.3. Anpokcumanum, n3n0JI3Bally pelenns Ha Hexomorenau 1Y

[To-rope nue npejnonaraxme xomorennocT uHa YJIY, Koero pyHKIMATA, KOATO UCKAMe
Jla almpoKcuMupame dupe3 PajgoHoBuTe ¥ mpoekimuu, yaoBaeTBOpsiBa. EcrecTBeno e ma ce
Pa3rIeKIaT AHATOTHYHI WHTEPIIONAIMOHHN 331841 (4Ipes3 JajieHu cToliHocTu Ha PanoHo-
BH IPOEKIUK) M IPU HEXOMOIeHHHU ypaBHenus, T.e. Au = f, kbjaero f e ganena GyHkius,
nedwHupaHa B pa3riexkranara obaact. Takusa Y[V morar ja Obj1aT TpeTupaHu MO CJIeI-
HUST HAYMH: 'bPBO Ce KOHCTPYNPA YaCTHO PEIeHNe Uy alPUOPHO WJIN TIPHOJINIKEHO; CJle]]
KOETO, TOpaJu JUHeHHOCTTa Ha omepaTopa Ha Jlamrac perreHue Ha 3ajadara ce ThPCH
BBB BHJA Uy + U, KBIETO Hen3BecTHATA (MYHKINL Uy Bede e XapMOHUYIHA.

B crarus [4] e pazpaboren asnrebpuuen MeTo/| 3a pEKOHCPTYUpaHe Ha (DyHKIMH, YI0B-
JIeTBOpsBAIU ypaBHeHneTo Ha [ToacoH B e IMHUYHNSA KP'bI C MOJHHOMUAJIHA JISICHA 9aCT OT
crernied m. JlanHauTe (OCBEH JSCHATA YACT) Ce ChCToAT OT 2n + 1 croiinocTn Ha PagonoBn
IPOEKINK Ha Hen3BecTHATA (DYHKITUS.

Kato mbpBa cTbIKa KOHCTpyHpaMe 4acTHO MOTHHOMMAIHO pemreHne uy Ha Aup = f
B MOJTMHOMHUAJIHO MPOCTPAHCTBO OT cTeneH m + 2. Taka cBexkgamMe 3amadara 10 WHTEP-
MOJIAIMOHHA 3a/a4a (2) 3a XapMOHHYHA (DYHKIHs, KOSITO DeliaBaMe B HPOCTPAHCTBOTO
OT XapMOHHWYHU MOJUHOME H,,, U3MOI3BARKN MpeIBAPUTEIHO pa3pabOTeH 0T HAC METO,T
(crarusg [6]). IlokasBame, 4e ako n > m + 2 HHTEPIOJAHTDHT HE 3aBUCH OT m3bopa Ha
XOMOT€HH3UPAIIUS TTOJHHOM Uy.

3a crenumasinus cay4aii, korato PagoHOBHTE TPOEKINY Ca B3€TH 110 XOP/IH, 06pa3yBaIn
[PaBUJIEH U3IIbKHAJ MHOTOBI'bJIHUK, JOKa3BaMe OIEHKA Ha I'PENIKaTa, KOSITO 3aBUCH OT
[JIQJIKOCTTa Ha Hem3BecTHaTa (PYyHKIHs 10 rpanunara. OneHKara Ha TPeKarTa 3aBUCH 1
oT n360pa Ha XOMOT'€HU3UPAIIHS ITOJTUHOM, HO CAMO C TOYHOCT JI0 YMHOZKEHIE C KOHCTAHTA,
KOETO He TPOMEHS aCHMITOTHIHOTO MOBEJICHHE OTHOCHO 1.

Tpsabsa ga orbenexnm, e B craruute Ha P. Van Manh” ® ¥ ca nznonssanu unrensusno
pe3yATaTuTe HU 3a WHTEPIOJINpPaHe ¢ XapMOHHYHU MOJWHOMH MO PajloHOBH IIPOEKITNH.
XapMoHHUeHUAT aHaJoT Ha popmynara Ha Map 3a npecMsTane Ha PaIOHOBHTE MPOEKITUN
Ha OA3UCHUTE XapMOHUYHU TMOJHHOMHU W OCHOBHATA WHTEPIOJAIMOHHA TeopeMa B CTATUs
[6] maBar Tiachk Ha W3CAEABaHUATA B 06JIaCTTA.

" Asymptotic behavior of interpolation polynomials of harmonic functions based on Radon projections,
Van Manh, P., Calcolo, 2017, Volume 54, Issue 3, 881-902.

8Harmonic interpolation of Hermite type based on Radon projections in two directions, Van Manh P.,
Journal of Mathematical Analysis and Applications, 2017, Vol. 454(2), 481-501.

?0On polynomial interpolation of bivariate harmonic polynomials, Van Manh, P., Comptes Rendus
Mathematique, Ser.I 355, 2017, Elsevier, 28-33.



2. AnpokcmManum ¢ HEUCHK pPaHT

2.1. Anpokcumaliuu Ha MATPUI C MATPUIU C TMMO-HUCHK PAHT.

Kiacudeckara 3a7a1a 3a amrpoKCUMUPaHe ¢ HUICHK PAHT € 33/]a9aTa 338 allPOKCUMHUDAHe
Ha JlaJeHa MaTPHUIA KOJTKOTO € Bb3MOXKHO TO-J00pe Upe3 MaTPHUIla ChC ChINaTa pasMep-
HOCT, HO C TO-HUC'HK paHr. OTToBOPHT HA Ta3W 33/1a9a 38 AIPOKCUMUPAHE C MO-HUCHK PAHT
U 3a Haii-106poTo Npub/InzKeHne B CIEKTPaJHa HOPMa ce JlaBa OT TeopeMara Ha KkapTt-
Manr'. T'permkara Ha Haii-106pOTO MPUOINIKEHNIE € TSCHO CBbP3aHA ChC CHHTYISPHATE
CTOMHOCTH Ha PAa3IVIezKTaHAaTa MATPUIIA.

MuOro Manako e W3BECTHO 3a AIMPOKCHMHPAHETO HAa MATPHUIM € TAKWBA C TMO-HUCHK
pPaHI' 32 HOPMHM, PA3/IMYHMU OT cueKTpaJiHaTa. Hakou pesysraru, orHacdim ce 3a KJjac or
eJeMEeHTHH HOPMH ca [IajeHn HeoTaapHa B ctatng or A. Pinkus''. 3a To3um kmac mHopmm
Pinkus nokaspa, ue marpunara Ha Haii-Z100po MpuOINIKeHHE ChBIAJAA C OPUTHHAIHATA
MaTpHUIla B olpejieseH Opoii peoBe U CThJIOOBE,

B cratus [1| usBexkpaMe aHaI03u Ha HAKOM OT pesyirarute Ha Pinkus 3a ciyuas Ha
alpOKCUMUPAaHe B eJIeMEeHTHA MakCuMyM HOpMa. B nporneca #a pabora obobiiaBaMe e1nH
ocHoBeH pe3yaTar Ha Pinkus ot 2012 r. u ro noka3zBame, u3no/3Bailku caMo J100pe U3BecT-
HU (pyHTAMEHTAHA Pe3yJITATH OT TEOPUs Ha alpoKcuMalnuuTe, 10Kkato Pinkus n3noassa
UHTEH3UBHO TeopudaTa Ha n-widths B mokasarencrBoro cu. OcHoBaBaiiku ce Ha TO3HU IIO-
o011l pe3yJITaT, OMCcBaMe T'PelKaTa Ha Haii-T1o0po NpuO/IMKeHne Ha MaTpPUIA ¢ MATPUIA
OT paHr ¢ eJUHUIA MO-MaJIbK U JaBaMe XapaKTepHu3allus Ha MaTpuUllaTa Ha Hail-1o0po
npubsmzkenne. Mapunara Ha rpemkara uMa CBOHCTBOTO eKBHOCIIIANUS. 3a CIydasl HA
UHTEPIOJIMPaHe C MATPUIM C IPOU3BOJIEH PAHT, JaBaMe OIMEHKH Ha Hafl-7100poTo npud/in-
JKeHre OTTOpe W OTJ0Jy B TEPMUHUTE Ha HAKOU TOIMATPHUIH C ,MaKCUMaJIeH o0eM’.

WnroctpupamMe MoTydIeHUTe PE3YATATH 38 TPOCTHS CJOyUail OT MATPHUIM 2 X 2 U laBaMe
IPOCTO TPEICTaBsIHEe OT 3ATBOPEH THUII HA T'PEIIKATa Ha Hali-700pPOTO MPUOINKEHHE.

2.2. Anpokcumalium ¢ HUChbK PaHT, M3M0JI3BAIU CILJIAHN.

AnpokcuManuuTe Ha MATPHUIM U TEH30PH ¢ TAKHBA OT HO-HUCHK PAHr e Obp30 pas-
BHBAIIA Ce 00JIACT, KOATO Ce M3IMOJ3Ba YCIEINTHO B MHOTO 3304l OT YHMCJICHHS aHAIN3 U
IIPpUJIOZKECHU . TaKI/IBa MeTOoAMn Ca MHTEeH3WBHO HU3CJIeABaHU B JIMTEpaTypaTa.

N3yuaBame anmpoKCHMHpaHe ¢ HUCHK PaHT B IPOCTPAHCTBA OT TEH30DHHU MPOU3BEJIE-
HUs Ha cILtaiinu. TakmBa IpOCTPAHCTBA Ce M3IO0J3BAT MHTEH3UBHO B l3oreomerpudHus
anan3 (IGA). IGA e Mero 3a AucKpeTu3anus Ha 9acTHU JuepeHINaIHl yPABHEeHs,
paspadoren or Thomas J. R. Hughes mpe3 2005 r.. Toit ce ocHoBaBa Ha uaesTa, 9e CTaH-
JIAPTHOTO TpeJCcTaBsHe Ha reomerpunte oT muaycrpuasaure CAD cucremu, Koeto e B

10C. Eckart, G. Young, The approximation of one matrix by another of lower rank, Psychometrika,
1936, 1(3), 211-218.

LA, Pinkus, On best rank n matrix approximations, Linear Algebra and its Applications, 2012, 437(9),
2179-2199.



TEPMUHUTE HA TTPOCTPAHCTBA OT TEH30PHU NPOU3BEJCHUA HA CIiaiinu, TpgabBa ja ce us-
[0JI3BA JUPEKTHO B aHAJM3a, a CHIIO TaKa pelleHusaTa TpaOBa ja O6baaT MpejcTaBeHd B
TaKWBa MPOCTPAHCTBA. 1031 MOAXO, CTaBa BCe MO-TIOMYIAPpeH Mpe3 MOCIeTHOTO JeceTuIe-
THE.

B |2] pasriexknamve euH aaropuTbM 3a alpOKCHMEDaHe Ha (DYHKIMH HA J[BE IPOMEH-
JINBU 9pe3 ,CIJAHN C HUCHK PAHI’ — CYMH Ha TEH30PHU MIPOU3BEJICHUS Ha €JTHOMEPHHU
craiinn. Hammsar noaxo e MotuBupan ot Taka Hapedenus Adaptive Cross Approximation
(ACA) anropurbMm!? 3a anmpokcuMupane HA MATPHIM ¢ TAKHBA OT NMO-HUCHK PAHT H OT
CKOPOIIHOTO pa3lipenue B AByMepHHUs cIydail Ha makerta chebfun'® 3a anpoxcumanum ¢
HUCHK paHr Ha (PYHKIMYU HA jBe mpoMenanBu. [lojiydenure allpOKCUMAHTH C HUCHK PAHT
NPUHAJIEXKAT HA TTPOCTPAHCTBOTO OT TEH30PHU MPOU3BEIEHUS HA CILIANHU, HO MO MPUH-
IUI U3UCKBAT CbXPAHEHHETO Ha MHOIO II0-MAaJIKO KOeMUIIMEHTH, OTKOJKOTO OOMKHOBEHO
ca HEOOXOJMMH 338 CbXPAHEHUETO Ha AIIPOKCUMAHTHUTE OT I[SJI0TO ITPOCTPAHCTBOTO OT TEH-
30PHH IPOM3BENEHHUS Ha CIUIAfHN. AHATH3UPAIN CMe CI0XKHOCTTA HA HAIIHS AJTOPHTHM
U mokKaszBame, de Toit Moxke ja Obje edpekTuBHO peanusupan, n3no/s3saitku ACA anropu-
TbMa 3a MATPHUIU C I'bJIHO ,JIUBOTHPAHE W JIUBOTHPaHE 1O pejoBe . KadecTBOTO Ha
AMPOKCUMAIAST € 33J0BOJIUTE/THO OJIM3KO 70 Hail-700paTa ampoKCUMaIns ¢ HUCHK PaHT,
KOSITO M3II0JI3Ba NAPIUAJIHI CyMHU HA JIEKOMIIO3HUIUATA 110 CHHIYIApHU cTolHOocTH. Harmu-
ST aJrOPUTHM BOIH JI0 APACTUYHH MKOHOMUH, B CPABHEHUE C allPOKCUMAIMSATA B IAJIOTO
HPOCTPAHCTBO OT T€H30PHU NpOuW3BejeHus Ha civiaitnu. [lokazsame, e Koraro amnpokcu-
Mapame ChC ,CIJIAfiHI ¢ HICHK PaHT” MOXKeM Jia HOCTUTHEM I'peIiKa Ha alnpOKCHMAIlHs
6imska g0 O(n~P+Y) kbaero n e 6pos Ha cTemeHmTe Ha CBOGOJA, a P € CTEMeHTa Ha
CILTAffHUTE, JOKATO MPH AIIPOKCUMHPAHE B ISJIOTO IIPOCTPAHCTBO OT TEH3OPHU CILIAWHH
Ha d TPOMEH/IHBH, Hail-To6paTa Ipellka, Ha KOATO MOKeM fa ce Haagsame e O(n~(PH1/d),

Hemmo moBeue, anaan3bT Ha CA0YKHOCTTA TTOKA3Ba, Y€ AJTOPUTHMBT € JUHEEeH 10 OT-
HOmeHne OpOst HA CTeIeHuTe Ha CBOOO/A MO PEIOBEe, KOraTo M3MO/3BaMe MUBOTHPAHE 110
penose. ToBa HE JaBa Bb3MOKHOCT /13 PeIllaBaMe MHOT'O TOJIEMH allPOKCUMAIHOHHT 33,72~
9H, 38 KOUTO allPOKCUMAHTHUTE OT IIPOCTPAHCTBOTO OT TEH30PHU IIPOU3BEICHUS HA, CILTAWHH
Bede He OMxa MOTJIM 12 ObJAT 3ala3eHU B MAMeTTa U/Hau Ou OUIO MPEKATEHO CKBIIO Ja
ObIaT MPEeCMEeTHATH, CTHTA PAHI'BT Ja € OTHOCHTEIHO MAIbK.

ﬂeMOHCTpI/IpaﬂH CMe alIpOKCHUMallMOHHUTE Ka4eCTBa Ha Halllud aJI'OPUTHBbM C HAKOJIKO
YUCJIEHN eKCIIEPUMEHTA. B 9acTHOCT BUK1aMe, de H3MOI3BAHETO Ha THBOTHPAHE 110 Peo-
Be, KOETO € MHOTO I0-ObpP30 3a 3a/1a4H € IoJIIMa pa3MEpPHOCT, He YBeJIUYaBa, ChITECTBEHO
I'pelrkaTa Ha alrpOKCUMAIIUs.

AIropuTbMbT UMa HHTEPECHH IPUIOKEHNs B OYPHO pa3BUBaIIaTa ce 06JacT Ha H30-
reOMETPUYHNS AHAIN3, KAKTO KATO CXeMa 3a KOMIIpecupaHe Ha JaHHU, TaKa W 33 pa3pa-
borBane Ha ObLP3U COJNBDBPH 33 YACTHHU JU(EPEHITHAJIHE YPABHEHUS.

12M. Bebendorf, Hierarchical Matrices, Lecture Notes in Computational Science and Engineering, Vol.
63, Springer Berlin Heidelberg 2008.

13A. Townsend, L. N. Trefethen, An extension of Chebfun to two dimensions, SIAM Journal on Scientific
Computing, 2013, 35(6), 495-518.

10



3. pyrn

B crarus [8] e mpeiozkeH e TeOpeTHYEH MOl 3a U3UUCIsIBaHe Ha Npoduia Ha HaIpe-
JKeHWeTO, TTOJYIeHO MPH MOBLPXHOCTHA KpHUCTAaIu3anudaTa. V3ciaeaBana e 3aBUCEMOCTTA

Ha MPOMsIHATA Ha NpOduIa Ha pasnpeeHne HA HANPEKEHHETO OT pa3Mepa HA 3bpHATA.
Hanpuwmep, mokaspame, de 3a MAJKH 3bpHA TPOQMUIBT HA HAMPEKEHHETO UMa MAKCUMYM
B IIEHT'bpa Ha 3bPHOTO, KOETO MOXKe Ja JIOBeIe 10 00pa3yBaHe Ha II0pa B IMEHTbPa 3a 3bp-
HOTO. 3a rojieMu 3bpHa UMa JIBA MAKCUMyMa, Ha Ipoduia Ha HAIpekeHne u Te ca 0JIu30
JI0 CTEHHUTE Ha, PACTSIIUS OT HOBbPXHOCTTA KpUcTaJIeH hpoHT. MaTeMaTHIeCKUAT MOJENT €
paspaboreH u BepuduIupPaH CbBMECTHO ¢ Kojieru oT MucruryTa nmo dpusukoxumus - BAH.
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